We demonstrate how three-dimensional fluid flow simulations can be carried out on the Cellular Automata Machine 8 (CAM-8), a special-purpose computer for cellular automata computations. The principal algorithmic innovation is the use of a lattice gas model with a 16-bit collision operator that is specially adapted to the machine architecture. It is shown how the collision rules can be optimized to obtain a low viscosity of the fluid. Predictions of the viscosity based on a Boltzmann approximation agree well with measurements of the viscosity made on CAM-8. Several test simulations of flows in simple geometries --channels, pipes, and a cubic array of spheres--are carried out. Measurements of average flux in these geometries compare well with theoretical predictions.
INTRODUCTION
A cellular automaton is a system of discrete variables on a lattice which is updated according to some simple and local ruleJ 1"21 Though applications of such models range from physics to biology to social science, 131 one of the most exciting areas of interest in recent years has been hydrodynamics. This interest derives from the discovery by Frisch, Hasslacher, and Pomeau in 1986 that discrete cellular automaton models of fluids, known specifically as lattice-gas automata, may be constructed for the numerical solution of the Navier-Stokes equations, t4, 5) Since their introduction, lattice gases have been used to study a variety of problems in hydrodynamics. Perhaps the greatest interest in the method is for the simulation of problems that either involve complex boundaries, such as porous media, t6) or complex fluids, such as suspensions r s) or immiscible mixturesJ 9-1~)
As in most other endeavors in computational physics, there is a great need for fast, low-cost simulations. Indeed, it has long been recognized that the simplicity of lattice gases allows them to be simulated on special-purpose hardware, called "cellular automata machines. ''t ~'-' 13.2) Such machines have been constructed for the simulation of general cellular automata, and have been applied to a variety of systems. They combine the performance of supercomputers with the hardware simplicity of a personal computer or workstation for these particular applications.
In this paper we describe an implementation of a three-dimensional lattice-gas model t14) on a new cellular automata machine called CAM-8. ~15" 16) CAM-8 retains the high performance-to-cost ratio of previous cellular automata machines, but with considerably increased flexibility. It is precisely this flexibility which makes it attractive for simulating lattice gases.
Lattice gases (as well as other cellular automata) may be simulated by the application of a lookup table, which gives an output state from the input state at every site of the lattice. The size of this table increases with the number of degrees of freedom per site. For this reason lattice gases for three-dimensional hydrodynamics, t~al which typically require 24 bits of state (and hence 2 -,4 possible states) per site, have proved challenging to implement in situations where memory is limited, such as on a distributedmemory multiprocessor. Following the pioneering work of H~non, 117-19) a considerable reduction of table size was achieved by Somers and Rem. t2~ Precisely what algorithm and collision table to use, however, remains a machine-dependent question. Because the CAM-8 allows one to work most efficiently with units of 16 bits of state per site at any instant of time, we have chosen to design a new collision strategy built upon successive 16-bit table lookups. Our results, in terms of minimization of viscosity (and thus maximization of efficiency for the types of simulations that interest us) are roughly comparable to those obtained by previous workers.
The outline of the paper is as follows. We first briefly summarize the principal architectural features of the CAM-8. We then review the key features of the face-centered hypercubic (FCHC) lattice-gas model upon which our implementation is based. Next, we show how the collision step of the FCHC lattice gas can be broken down into operations that involve
